Objectives c-Met is a receptor tyrosine kinase shown inappropriate expression and actively involved in progression and metastasis in most types of human cancer. Development of c-Met-targeted imaging and therapeutic agents would be extremely useful. Previous studies reported that c-Met-binding peptide (Met-pep1, YLFSVHWPPLKA) specifically targets c-Met receptor. Here, we evaluated 
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Introduction
Mesenchymal-epithelial transition factor (c-Met) is a receptor tyrosine kinase for hepatocyte growth factor (HGF), and activation of c-Met can lead to tumor progression, metastasis and angiogenesis [1] [2] [3] . Studies have shown overexpression of c-Met linked to multiple human solid tumor types, including those of breast [4] , ovary [5] , lung [6] , colon [7] , pancreas [8] , prostate [9] , head and neck [10] , stomach [11] , liver [12] , kidney [13] , brain [14] , and skin [15] . Thus, c-Met is considered to be a potential new target for developing therapeutic agents [16, 17] , which would be extremely useful for diagnosing cancer by imaging c-Met expression and subsequently monitoring response to c-Met-targeted therapies [18] .
Anti-c-Met monoclonal antibodies (mAb) were rapidly developed as nuclear imaging agents for treating various human cancers [19] [20] [21] , but poor tumor penetration due to the big size of molecules, as well as liver or bone marrow toxicity, has limited applications [22] . Compared with mAb, peptides are considerably smaller (1-2 kDa) in size result in reaching their intended specific targets much faster. Also, peptides generally do not bind to the reticuloendothelial system, avoid eliciting strong immune responses upon repeated administration [23] . Therefore, peptides are promising carriers for delivering radionuclides into tumors for c-Metdirected imaging. Zhao et al. identified a c-Met binding peptide (Met-pep1, YLFSVHWPPLKA) targets explicitly c-Met receptor from a phage display of a combinatorial peptide library [24] . This peptide labeled with Iodine-125 reacted with c-Met on the cell surface and competed with the binding of HGF to c-Met. However, the image quality was not optimal using this tracer. Iodine-125, a low energy isotope with a 60-day half-life, makes it very attractive for in vitro radioimmunoassay and ex vivo autoradiography with high resolution, but its low energy also leads to low sensitivity for in vivo imaging with planar nuclear scintigraphy. Secondly, when the iodine is labeled on the tyrosine residue, deiodination can occur thus thyroid accumulation of radioactivity especially when the tracer is internalized inside the cells.
Several attempts are being made to improve image quality and quantification using various radioisotopes. Fluorine-18 [ 18 F] is one of the most widely used positron emission isotopes for PET imaging because it has good imaging characteristics and ideally suited half-life (about 110 min) for the small-molecular-weight peptides [25] [26] [27] . So far, in a majority of cases, peptide labeling is achieved by using 18 F-containing prosthetic groups [27] [28] [29] . However, 18 F has not been used for the labeling of the Met-pep1 peptide for in vivo PET imaging in HNSCC model. Here, we have labeled the c-Met peptide (Met-pep1) with [ 18 F]-NPFP and further evaluated the in vitro cell uptake, internalization, and efflux studies on UM-SCC-22B cells and in vivo distribution pattern and c-Met-targeting efficacy using microPET imaging in HNSCC xenograft-bearing mice.
Materials and methods

Protocol approval
All the experimental methods in the current study has been approved by the research committee at Harbin Medical University. All the experiments have been carried out in accordance with the guidelines from the research committee at Harbin Medical University. All animal experiments were approved by the Institutional Animal Care and Use Committee at Harbin Medical University. Surgeries were performed in accordance with the Principles of Laboratory Care, supervised by a qualified veterinarian. obtained on a Waters Acquity UPLC system coupled with Waters QT of Premier MS (LC-MS). 1 H NMR spectra were recorded at 300 MHz on a Bruker 300 Ultra-Shield spectrometer in CDCl 3 with tetramethylsilane (TMS) as the internal standard. For the purification of modified peptides, preparative reversed-phase HPLC was performed on Waters 600 gradient system with a Waters 996 Photodiode Array (PDA) detector using a Higgins PROTO 300 C18 column (5 μm, 250 × 20 mm). For purification of radiolabeled peptides, semi-prep reversedphase HPLC was performed on a separate Waters 600 gradient system also with a 996 PDA detector plus a Beckman 170 radioisotope detector using Higgins PROTO 300 C 18 column (5 μm, 250 × 10 mm). Analytical reversed-phase HPLC was run on a Perkin-Elmer Series 200 LC gradient system with a Waters 2784 Dual Absorbance UV detector plus a Bioscan radioisotope detector using a Waters Symmetry column (5 μm, 150 × 3.9 mm). The flow rate was 12 ml/min for the preparative column, 5ml/min for the semi-prep column and 1 ml/min for the analytical column running the same linear gradient starting from 5% A (0.1% TFA in acetonitrile) and 95% B (0.1% TFA in water) for 5 min and increasing A to 65% at 35 min. For the purification of radiolabeled prosthetic group, a separate Perkin Elmer Series 200 LC isocratic system was used with a Knauer 200 UV detector plus a Bioscan radioisotope detector using a Phenomenex Luna C18 column (5 μm, 250 × 10 mm). Waters C-18 Sep-Pak Cartridge was used for solid-phase extraction of the labeled prosthetic group and Varian BOND ELUT C 18 column (50 mg) was used for solid-phase extraction of the labeled peptide. Fluoride-18 was obtained from NIH cyclotron facility.
Synthesis of c-Met binding peptide
The c-Met binding peptide (NH 2 -Tyr-Leu-Phe-Ser-Val-His-Trp-Pro-Pro-Leu-Lys-Ala, Metpep1) was synthesized on a peptide synthesizer and purified with preparative HPLC with a 25 min retention time. The identity of the peptide was confirmed with LC-MS. The peptide was collected and the solvents removed by lyophilization to afford white powders. LC-Ms of Metpep1 (C 74 
Preparation of [
F]FP-Met-pep1
The CH 2 Cl 2 in the tube containing [ 18 F]NPFP was removed with argon flow at room temperature and 1.0 mg of Met-pep1 in 0.1 ml of DMSO containing 20 μl of DIPEA was added to the tube and heated at 80˚C for 10 min. The reaction mixture was cooled and diluted with 0.7 ml of water containing 25 μl of acetic acid and injected onto a semi-prep HPLC column (Vydac C18) running a linear gradient starting from 5% A (0.1% TFA in acetonitrile) and 95% B (0.1% in water) for 2 min and increasing A to 65% at 32 min at 5 ml/min. The radioactive peak at retention time of 23.1 min was collected and added 10 ml of water and trapped on a Varian Bond Elut C18 column (100 mg). The radioactivity trapped on the C18 column was eluted with 0.3 ml of 1 mM HCl ethanol solution and the solvent was evaporated with argon flow and the product was re-dissolved in normal saline for further use.
Cell lines and tumor models
The human head and neck squamous carcinoma (HNSCC) cell line UM-SCC-22B (obtained from the University of Michigan) was used in this study. The cells were maintained in DMEM supplemented with 10% fetal bovine serum (FBS), 1% glutamine, 100 unit/ml penicillin, and 100 mg/ml streptomycin (Invitrogen, CA). Subcutaneous UM-SCC-22B tumor model was established in 4 to 6 weeks old male athymic nu/nu mice (Harlan Laboratories). Typically, 5 × 10 6 cells suspended in 50 μl of PBS were injected in the right or left front shoulder. 
Cell uptake, internalization and efflux studies
For cell uptake measurement, UM-SCC-22B cells were seeded into a 24-well plate at a density of 1×10 ]FP-Metpep1 at 37˚C, the cells were washed twice with cold PBS and then incubated for 1 min with acid-washing-buffer (50 mM glycine, 0.1 M NaCl, pH = 2.8) to remove surface bound radioactive ligand. Thereafter, the cells were washed twice with cold PBS and harvested by adding 250 μl of 0.1 N NaOH. The blocking assay was preformed similarly to the procedure described above except that the unlabeled c-Met binding peptide was added into the wells (500 μg/well) and incubated for 15 min at 37˚C before adding [ 
MicroPET imaging analysis
To perform a microCT scan by a high-resolution Inveon MicroCT scanner (Siemens Medical Solutions) before microPET scan, an anesthetized nude mouse bearing UM-SCC-22B tumor was mounted on a turntable bed that could be moved automatically in the axial direction. Whole body CT acquisition parameters were as follows: voltage 70 kVp, current 400 μA, angular sampling 1˚per projection for a full 360˚scan, and effective pixel size 58 μm. Scan time was approximately 12 min. The image was reconstructed in real-time by a modified Feldkamp cone bean algorithm with a Shepp-Logan filter and appropriate center offset determined prior to scanning. PET scans were performed using an Inveon microPET scanner (Siemens Medical Solutions). Tumor-bearing mice were anesthetized using isoflurane/O 2 (1.5-2% v/v) and intravenously injected with 3.7 MBq (100 μCi) of [ 18 F]FP-Met-pep1 was co-injected with 500 μg of unlabeled Met-pep1 peptide. Each group contained four mice. The images were reconstructed by a threedimensional ordered subsets expectation maximization (3D-OSEM) algorithm with maximum a posteriori (MAP) algorithm and the frame rates were 10 × 30s, 5 × 60s, 5 × 120s and 10 × 240s, and no correction was applied for attenuation or scatter. Static images at 1 h time point were also acquired as 10-min static images for region of interest (ROI) quantification. Image analysis was done using ASI Pro VMTM software. PET/CT images were co-registered and fused automatically with ASI software. For each microPET scan, three-dimensional ROIs were drawn over the tumor, liver, kidney, and muscle on decay-corrected whole-body coronal images. The average radioactivity concentration within a tumor or an organ was obtained from mean pixel values within the ROI volume, which were converted to counts per milliliter by using a pre-determined conversion factor.
Biodistribution studies in tumor-bearing mice
After microPET imaging, the blood of mice bearing UM-SCC-22B tumor xenografts was drawn from the orbital sinus, then mice were sacrificed by cervical dislocation and selected organs were excised. Blood, tumor, and major organs tissues were collected and weighed (wet weight). The radioactivity in each tissue was measured using a gamma-counter (Packard Instrument). Distribution of activity was calculated as percentage of injected dose per gram of organ (%ID/g). For each mouse, the radioactivity of the tissue samples was calibrated against a known aliquot of the injected dose and normalized to a body mass of 30 g. Values were expressed as mean ± SD for a group of four animals.
Statistical analysis
Quantitative data are expressed as mean ± SD. The One-way ANOVA and Two-tailed Unpaired t test, confidence interval of 95% (95% CI), were used to analyze group differences. Results of statistical analyses were considered significant if P values of 0.05.
Results
Radiosynthesis
The c-Met binding peptide, Met-pep1 (Fig 1A) was first prepared on a peptide synthesizer with 98% purity. Radiosynthesis of [ 
Uptake, internalization and efflux
The cell uptake, internalization and efflux of [ ]FP-Met-pep1was observed, exhibiting a rapid increase at first 15 min, reaching its peak at 30 min (34.52 ± 1.34%) and decreasing at 60 min (Fig 2A) . Similarly, [ Imaging c-Met in cancer with 18F-labeled binding peptide about 1/3 at 60 min. In contrast, dramatic inhibition of cell uptake was observed in the presence of 500 μg of unlabeled Met-pep1 peptide (Fig 2A) , indicating specific cellular binding and prominent uptake of [ 
MicroPET imaging
To assess tumor-targeting efficiency, microPET imaging study was performed in vivo in a UM-SCC-22B tumor-bearing mice model developed by subcutaneous inoculation. Representative coronal images at different time points after intravenous administration of [ 18 F]FP-Metpep1 are shown in Fig 3A and S1 Fig. The UM-SCC-22B tumors were clearly visible in relation to the contralateral background with uptakes of 4.72 ± 0.67, 3.83 ± 0.55 and 3.11 ± 0.25%ID/g at 30, 60 and 120 min post injection, respectively (Fig 3B) . Both kidney and liver showed higher uptake at 30 min post-injection with %ID/g of 6.15 ± 0.71 and 11.5 ± 0.78 respectively, but the tracer was washed out during time (Fig 3B) . There was rapid clearance and excretion of radioactivity, primarily through the renal pathway, with about 65% excreted within 2 h after injection (S1 Fig), suggesting that it is mainly excreted through the renal-urinary routes. In contrast, muscle had very low uptake during the all timepoints.
The receptor specificity of the tracer accumulation was confirmed by a blocking assay, in which 500 μg of unlabeled Met-pep1 peptide was injected 30 min before the tracer injection (Fig 4A) . As shown in Fig 4B, in the absence or presence of 500 μg of unlabeled Met-pep1 peptide, the tumor uptake of [ 
Biodistribution
To further confirm the microPET imaging quantification, the biodistribution of [ Interestingly, the uptake in the pancreas was also increased after unlabeled peptide blocking. Similarly, the tracer accumulations in the kidney and liver were much higher (10.54 ± 0.53 and 5.58 ± 0.45%ID/g, respectively) and even after the peptide blocking. There was no significant change of uptake in other organs, including heart, lung, spleen, bone marrow, stomach and intestine.
Discussion
The c-Met is a membrane-spanning receptor tyrosine kinase (RTK) whose ligand is the hepatocyte growth factor (HGF). Its aberrant activity is documented in HNSCC as well as many other cancers. Over three decades of research have been spent investigating the HGF/c-Met pathway and its clinical relevance. Overexpression of c-Met is commonly associated with poorer outcomes in patients. Notably, c-Met contributes to treatment resistance by bypassing traditionally clinically inhibited signals such as EGF [31] . Further, there is a need to develop cMet-specific agents and use these in patients with appropriate biomarkers.
There are several tested preclinical c-Met PET tracers, including Zr-Ornartuzumab [34] . They have different properties, such as binding site, residualizing radiometals for improved contrast and different tumor targeting kinetics, and clearance rates. However, optimal imaging time points were estimated to be between two and five days after tracer administration, thus hampering potential routine clinical use as diagnostic agents. In contrast, the biodistribution of small c-Met peptides, such as 18 F-AH113804 [35] , permitted early imaging after tracer administration as the diagnostic agents. 18 F-AH113804, a peptide-based molecular imaging agent for human c-Met, has been used for detection of early-stage locoregional recurrence in a basal-like breast cancer model [35] . Further, a phase-1 biodistribution of 18 F-AH113804 study confirmed the clinical safety in healthy adult volunteers [36] . Next to c-Met imaging with a PET tracer, imaging with a fluorescent tracer might be of interest. GE-137, a fluorescent c-Met probe of which the targeting moiety is based on the same peptide of AH113804, was successfully applied to detect polyps in individuals at risk for colorectal cancer [37] . Benefits of this strategy compared with radionuclidebased imaging are a less costly infrastructure and availability of off the shelf nonradioactive tracers. It is especially of interest when information of a limited body area is needed because no whole-body information can be obtained.
To the best of our knowledge, imaging of c-Met peptide in human H&N cancer model has not been reported to date. The peptide we chose was based on the study by Zhao et al. who obtained the peptide bind specifically to receptor c-Met from a phage display library [24] . They have demonstrated that this peptide binds to c-Met specifically with high affinity by some in vitro assays. They also performed nuclear imaging of the radioiodinated peptide in a mouse xenograft model and showed tumor-associated activity, recommending this peptide as a promising candidate for future clinical applications. Although radioiodinated receptor-binding peptides already represent an important class of radiopharmaceuticals, the image quality was not reached optimal levels. Despite the fact that this c-Met peptide has a tyrosine amino acid residue where is for radioiodination, it also contains a lysine serves as an anchor residue for 18 F based radiolabeling. 
]-NPFP) was chosen as the labeling agent due to its small size that will have minimal disturbance on the affinity of the peptide. The peptide also has an α-amine on tyrosine residue which could also be labeled, however, the reactivity is much lower than the amine on lysine and the majority of the label is attached on the lysine. After labeling with [ cells, and about 54% of the radioactivity uptake was internalized within 30 min by UM-SCC-22B cells. Despite tumor uptake dropped rapidly at 60 min, 45% of radioactivity uptake (internalization) was still retained with the cells (Fig 2A) . Similar patterns were observed in vivo imaging study, except for two mice at 120 min post-injection in which the tumors became much less visible (Panels B and D in S2 Fig) . We speculate that the signal decrease was primarily due to rapid clearance from the bloodstream and excretion via the renal-urinary pathway. We also confirmed that tumor uptake is specific since the rapid cellular uptake of the tracer could be effectively blocked by the extra amount of unlabeled peptides. In PET imaging study, the tumors are clearly visualized at early time points with high contrast after intravenous injection of [ 18 F]FP-Met-pep1 and the image quality is much better than that those reported in the literature obtained by planar nuclear scintigraphy. The main route of the tracer clearance was through kidney and it was verified by the time-activity curves which showed fast uptake and moderate clearance of [ 18 F]FP-Met-pep1 through renal-urinary routes leading to good target to background radio. The clearance may be caused peptide degradation inside cells and subsequent efflux of radiolabeled fragments. In our 18 F-labeled c-Met binding peptide, it is not a major concern since the radiolabeled fragments can be cleared through the kidneys, but this could be a major issue for 125 I-labeled peptide due to the release of radioactive iodide. In agreement with the PET imaging study, the ex vivo biodistribution results further validated higher tumor uptake and lower background.
In this study, we chose a novel, peptide-based molecular imaging agent with 18 F-tracer, which binds to human c-Met with high affinity, has a favorable kinetic profile, exhibits specific uptake in c-Met positive H&N tumor mouse model, and rapid renal clearance. However, certain limitations are inevitable in our study: 1) we only reported the 18 F-c-Met peptide imaging results in male mice not in females, gender-specific differences in effective dose and biodistribution might occur; 2) we haven't tested whether it can differentiate between high and low c-Met-expressing HNSCC; 3) we haven't tested the usage in other types of tumor models. These limitations point to the need for further research and that will be considered in future investigations.
It is worth pointing out that c-Met also plays a major role in compensating for inhibition of RTK pathways that drive proliferation and metastasis in many tumors including HNSCC tumor. Our 
